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第一章  前言 
 1
摘要 








我们从深海热液硫化物样品 4143-1 分离筛选到一株高产脂肪酶菌株 TH10，
其 适生长温度 65℃，16s rRNA 鉴定其为 Geobacillus。 
用 Geobacillus 脂肪酶保守序列设计引物，成功扩增得到 TH10 脂肪酶基因
全长，克隆后于 E.coli 中重组表达，性质检测结果显示其为高温酶， 适酶活为
80℃，即使在 90℃仍然保持 70% 以上的活性。TH10 脂肪酶偏碱性，在 PH 8.0-9.0
都有较高活性。在耐受金属离子方面，该酶并没有较大的优势，所有的金属离子
都不同程度的对酶活性起抑制作用。而在去污剂和酶抑制剂存在的条件下，TH10
表现极大的耐受性，tween20 和 chaps 对酶活性都有一定的提高作用。 
Geobacillus TH10 脂肪酶的三维模拟结构显示，它具有脂肪酶共同的 α/β
三层结构，另外，存在一个由 2 个片状结构和 2 个 α螺旋组成的特殊结构区，是 
Geobacillus 脂肪酶较保守的区域。温度较低时，该结构区覆盖在催化区起保护作
用。 
TH10 脂肪酶在用 PNP 底物检测时表现仅对降解短链脂肪酸链有优势，以
C2 和 C4 为 适。通过和同源性 近的 Staphylococcus 比对，构建了三个突变子，
Q142M, I347V, Q142M/I347V，通过对突变蛋白与野生型蛋白性质比较发现其对


















PCR 对 TH10 脂肪酶进行体外定向进化。初步结果表明，5mM 的 MgCl2可以控





















































Thermophilic enzyme is more atrractive not only because it is related with the 
origin of life, but also due to their potential in industry application. Lipase is one of 
the enzyme that best studied. It has been found in animals，plants and microorganisms. 
Most of the lipases used in industry are microbial enzymes, which have extensively 
characterized. Thermophilic lipase is a research hotspot because their excellent 
thermostability is adorable in industry processing. So far, they have been widely used 
in food, pharmaceutical, leather process.etc. 
Hydrothermal vent, as an extreme environment, is characterized by the high 
pressure, high temperature and lots of reducing substance. Supposedly, there are some 
special microorganisms. So far, Over 5000 species have been isolated from this 
enviroment, the order “Nautiliaceae” is found only in this area. These novel 
microorganisms were considered the best material for thermophilic enzyme study.  
We isolated a strain, named as TH10, from deep-sea hydrothermal vent sulfide 
samples 4143-1. 16s rRNA result suggests it is a member of Geobacillus. TH10 has 
optimum growth temperature at 65 .℃  
Geobacillus TH10 lipase gene was obtained by amplifying with designed primer 
that based on conserved sequence, Then cloned and expressed in E.coli. After 
purification, we got pure recombinant protein. Enzyme assay shows that TH10 lipase 
is a thermophilic enzyme with optimum temperature at 80℃, PH at 8.0-9.0. It is 
inhibitied by all the test metal ions. While, detergent and enzyme inhibitors has little 
influence on TH10 lipase. Tween20 and chaps can even improve the enzyme activity.  
Geobacillus TH10 lipase has α / β three-tier structure which is shared by all 
lipase. In addition, it has an extra domain, which is composed of two helix, two sheet 
and some loops. This domain will cover catalytic region and make protection when at 
low temperature.  
Substrate assay shows that TH10 lipase prefer short-chain fatty acid chain 














show most homology with Geobacillus, it is good at degradation of C2-C18. Based on 
comparison of GSL and SHL, Q142M, I347V, Q142M/I347V three mutants were 
constructed. Characterization study shows that all the mutants show higher activity 
toward PNP-C2. Besides, the thermostability of I347V and Q142M / I347V are 
improved.  
Due to the lack of Geobacillus lipase structure background, directed evolution is 
a good alternative strategy. We consructed a mutant library based on error-prone PCR. 
Preliminary results show that 5mM of MgCl2 can ensure proper mutation rate. We 
mesured the activity of mixed clones with PNP-C10 as substrate, it suggested that 
library contains at least one useful mutation that have increased activity toward long- 
-chain fatty acid. Selection is still in process. 
Geobacillus TH10 lipase is a good material for studying enzyme stability. We 
cloned, expressed and then purified the recombinant protein. Characteristic study 
show that it has higher thermostability than any other Geobacillus. Site directed 
mutation and directed evolution may facilitate the understanding of structure. 
 



































征：pH 值低；可溶气体如 H2、CH4、H2S、CO2 等浓度大；铁、锰、锌化合物
等可溶金属元素及硅的含量高，与海水相比 Mg2+ 严重匮乏；盐度变化范围大；




喷口发现的大型底栖生物种类高达 10 个门，500 多个种属[6]，其特有种超过 400
个, 特有的科为 11 个[5]。由此推测，热液口附近的微生物种类也不乏新的类群。 
由于深海热液环境的特殊性，实验室很难做到高保真模拟，要获得大量可培
养微生物仍然有很多困难，对深海热液微生物群落物种多样性和系统发育分析的





























热液古细菌的 4 个属：Methanopyrus，Geoglobus，Palaeococcus 和 Pyrolobus 只
能在深海热液喷口环境中存在。对于细菌类，具有这样的区域性分布特征、仅能
在深海热液环境中存在的属共有 14 种[2]。 
热液环境除了显著的高温特性外，还有富含重金属元素的特征，这就要求热
液微生物能有强的适应能力。已报道与 Alvinella 相关的许多细菌具有对铜、镉、







































    从热液极端微生物中分离高温酶渐渐成为研究的热点，已有多种高温酶被开
发应用到工业生产中（详见表 1-1）。高温酶顾名思义有很强的热稳定性, 且只有
在极高的温度下才表现出蛋白不可逆变性现象。一般 佳活性温度是 60～80 ℃
的酶被称为嗜热酶， 佳活性温度在 80 ℃以上的酶被称为极端嗜热酶。目前多
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表 1-1 海洋极端微生物及所产的高温酶 
Table1-1 thermophilic enzyme and marine enyme-producing strain 
 
极端微生物高温酶 来源菌株 
α- 淀粉酶  Pyrococcus woesei 
葡糖淀粉酶 Thermoanaerobacterium  
thermosaccharolyticum DSM571 
支链淀粉酶 Fervidobacterium pennavorans（Ⅰ）





木糖异构酶 Thermus flavus 
Therm otoga 
葡萄糖异构酶 Bacillus coagulans 
β- 糖苷酶 P. furiosus  
Sulfolobus solfataricus  
糖转化酶 
木聚糖酶 Thermotoga maritima 
DNA 聚合酶  Thermus thermphilus HB8 DNA 处理酶 
DNA 连接酶 Thermoactinomyces thermophilus 
脂酶  Pyrococcus horikashii 
 
1.1.3 海洋极端微生物高温酶的生化特性 
高温酶的 适反应温度一般高于 60°C，一些甚至在 100°C 以上的高温仍发
挥作用。如嗜热古细菌 Pyrococcus furiosus 的乳糖酶，其酶促反应 适温度为 105
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